A study was made of dietary in¯uences on the large intestinal microbiota of pigs and on the incidence of swine dysentery (SD) after experimental infection with Brachyspira hyodysenteriae, the aetiological agent of SD. Animals were fed diets based either on wheat (expts 1 and 2) or sorghum (expt 2). Grains were ground and fed either raw or after high temperature and pressure extrusion and/or after addition of exogenous enzymes to the whole diet to reduce the starch and soluble non-starch polysaccharides available for fermentation in the large intestine. Limiting fermentation creates conditions that apparently reduce the incidence of SD after infection with B. hyodysenteriae. The diets were fed to weaned pigs for 4±6 weeks, then half the animals on each diet were killed and gut samples collected for microbiology. The treatments had little effect on bacterial numbers. In expt 1, dietary extrusion of wheat reduced lactobacilli in the large intestine. Addition of enzymes to extruded wheat-based diets in expt 2 reduced facultative anaerobes and increased nonsporing anaerobes. Addition of enzymes to a raw sorghum diet in expt 3 decreased numbers of facultative anaerobes, while extrusion of sorghum increased total anaerobes. Bacteroides spp. and Fusobacterium spp., which act in synergy with B. hyodysenteriae in SD, were isolated at a higher percentage in pigs fed the untreated wheat diet than in pigs fed the treated wheat diets. Following experimental infection the incidence of SD amongst pigs fed treated wheat diets was slightly lower than those fed the untreated diet, but with sorghumbased diets the opposite was found. Overall, the different dietary treatments used did not signi®cantly reduce SD.
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INTRODUCTION
Swine dysentery (SD) is a severe mucohaemorrhagic colitis of grower and ®nisher pigs resulting from colonization of the large intestine by the spirochaete Brachyspira (Serpulina) hyodysenteriae (Hampson et al. 1997; Ochiai et al. 1997) . Apart from this bacterium, other factors may be involved in the complex aetiology of the disease. Studies with gnotobiotic pigs and mice have shown that certain members of the large intestinal microbiota, especially Fusobacterium necrophorum, Bacteroides vulgatus (Meyer et al. 1975; Alexander et al. 1976) , F. nucleatum, Clostridium perfringens (Barnum and Fullerton 1976; Whipp et al. 1979) , Listeria denitri®cans (Whipp et al. 1979) and some other Bacteroides species (Hayashi et al. 1990) , act in synergy with the spirochaete. Apparently these bacteria establish conditions conducive to colonization by the spirochaete (Whipp et al. 1979 (Whipp et al. , 1982 and/or increase lesion production in the large intestine (Whipp et al. 1979; Joens et al. 1981; Whipp et al. 1982) , although the mechanisms are unknown. It is assumed that such synergistic bacteria are normally present in low numbers in the gut, but become abundant in diseased pigs (Williams Smith and Jones 1963; Robinson et al. 1984) .
The diet fed to healthy animals is one of the most important environmental factors regulating the microbial balance in the large intestine (Varel et al. 1984; Varel 1987; Varel et al. 1988; Kirchgessner et al. 1989; Gestel et al. 1994; Jensen and Jorgensen 1994) . Recently it has been shown that limiting the amount of soluble non-starch polysaccharides (sNSP) and resistant starch (RS) in the diet can reduce the incidence and severity of SD in experimentally infected pigs; this effect is associated with reduced hindgut fermentation (Pluske et al. 1996; Siba et al. 1996; Pluske et al. 1998) , and decreased total bacterial numbers in the large intestine (Durmic et al. 1998) . The most dramatic effect is seen in pigs fed a diet based on cooked rice, which has insigni®cant levels of RS and sNSP, which are completely protected from disease following experimental infection. Feeding RS to pigs increases the numbers of bacteria in the large intestine, while a combination of RS and sNSP stimulates some of the bacterial species that act in synergy with the spirochaete (Durmic et al. 1998) .
In Australia, both wheat and sorghum are commonly used in pig diets and these grains are usually rich in fermentable substrate; wheat is typically rich in both RS (20%) and sNSP (2±4%) while sorghum can contain up to 20% RS but little sNSP (0Á2%). The amount of this fermentable ®bre reaching the large intestine can be reduced by dietary manipulations such as high temperature and pressure extrusion to reduce the RS content (Pluske et al. 1996; Siba et al. 1996) and the addition of exogenous enzymes to hydrolyse sNSP (Inborr et al. 1991a,b; Choct et al. 1995; Classen 1996) .
In the current study the effects of treating these two cereal grains in this way on both bacterial populations in the large intestine and on the development of SD after experimental infection with B. hyodysenteriae were investigated.
M A T E R I A L S A N D M E T H O D S Animals and treatment groups
A total of 132 (n 48 in both expts 1 and 3, n 36 in expt 2) Large White Â Landrace pigs of mixed sex, purchased from a speci®c pathogen-free farm (Wandalup Farms, Mandurah, Australia), weaned at 21 d and weighing 6Á31 0Á21 kg (mean s.e.m.) were used. In each experiment pigs were allocated to dietary treatment groups of 12 animals on the basis of their liveweight. They were housed in individual crates for the ®rst 3 weeks and then transferred to individual grower pens. To examine the effects of the experimental diets on microbial populations in the large intestine, half of the pigs in each group were killed after being adapted to the diets, and large intestinal samples collected. The remaining pigs were infected with B. hyodysenteriae and monitored for development of SD. The pigs were fed the experimental diets ad libitum for 4±6 weeks, until the uninfected pigs reached 26Á39 0Á83 kg (mean s.e.m.) and the experimentally infected pigs reached 24Á12 0Á47 kg. Two pigs (one each in expts 2 and 3) died of unknown causes during the ®rst part of the trial. None of the remaining pigs showed signs of enteritic disorders or any other disease problems during the period from weaning to necropsy or experimental infection.
Diets and dietary treatments
The pigs in expt 1 were allocated to four dietary treatments, raw wheat (RW), raw wheat plus enzyme (RW/ Enz), extruded wheat (EW) and extruded wheat plus enzyme (EW/Enz). The enzyme used was Porzyme 8300, which has xylanase and protease activity. In expt 2, the treatments were extruded wheat, extruded wheat plus enzyme 1 (ExtW/Enz1) and extruded wheat plus enzyme 2 (ExtW/Enz2). The enzymes were a`tailor-made' preparation (Enz1) and commercially available Porzyme TP 100 (Enz2), both containing xylanase, beta-glucanase and alphaamylase activity. In expt 3 the dietary treatments were raw sorghum (RSor), raw sorghum plus enzyme (RSor/Enz), extruded sorghum (ESor) and extruded sorghum plus enzyme (ESor/Enz). The enzyme used was tailor made, with xylanase, beta-glucanase and alpha-amylase activity. All enzymes were supplied by Finfeeds International (Marlborough, UK) and were included in the diets at a level of 1 kg tonne À1 . The composition of the basal diets is shown in Table 1 . Pigs were given the same type of diet throughout in expt 1, while in expts 2 and 3 pigs were given weaner formulations until they reached 15 kg, when they were given diets formulated for growers. Diets were prepared to commercial speci®cations using wheat or sorghum as the sole cereal grain and animal protein as the primary protein source. Prior to addition of dietary ingredients, raw grains were either ground (using a 1Á5-mm screen for wheat and a 1Á2-mm screen for sorghum) or ground and extruded. The extrusion was undertaken by Hunts Pet Foods (Perth, Australia), using a twin-screw extruder having a 1Á7-m barrel and total residence time of 35±40 s. Grain was passed through three heat zones (90, 120 and 160 C) and the die exited at 130 C. Pressure in the barrel was in the vicinity of 80±90 bars. Enzymes were added to the diets after processing and were thoroughly mixed. Estimates of the RS contents of the raw and extruded diets were made using an in vitro enzymatic assay as described by Muir and O'Dea (1993) , whilst the sNSP contents were measured by gasliquid chromatography after enzymatic-chemical hydrolysis of NSP (Englyst et al. 1982) .
Isolation, quantification and identification of the large intestinal microbiota
Sampling and culture procedures were as previously described (Durmic et al. 1998) . Brie¯y, segments (10 cm) of proximal colon only (expt 1) or caecum, proximal colon and the point of in¯ection of the spiral colon (distal colon; expts 2 and 3) were collected from killed uninfected animals and immediately transferred to an anaerobic chamber (Don Whitley Scienti®c Pty Limited, Burnside, Australia), maintained with an atmosphere of CO 2 , H 2 and N 2 (10 : 10 : 80). Intestinal contents (I1 g) were removed, serially diluted and aliquots of 0Á01 ml from the 10 À7 dilution used to inoculate plates. Groups of large intestinal bacteria were selected as marker populations to determine general dietary in¯uences on the microbiota and were isolated and quanti®ed on a set of selective and non-selective media. WilkinsChalgren Anaerobe Agar (WCA) was used for the isolation of all anaerobes, Trypticase Soy Agar (TSA) for the isolation of facultative anaerobes and spore-forming anaerobes, WCA prepared with N-S Anaerobe Supplement for nonsporing anaerobes, WCA with G-N Anaerobe Supplement for Gram-negative anaerobes, Rogosa Agar for lactobacilli and Eosin Methylene Blue Agar for coliforms. The culture media and supplements were obtained from Oxoid (Unipath Ltd, Basingstoke, Hants, UK), except for Trypticase Soy Agar, which was purchased from BBL (BBL Microbiology Systems, Cockeysville, MD, USA). All culture media were prepared according to the manufacturers' instructions. Culture media and diluents were preincubated in the anaerobic chamber for 24 h prior to use, to remove traces of dissolved oxygen. All inoculated plates were incubated anaerobically for up to 7 d at 39 C, except for the TSA plates for facultative anaerobes, which were incubated aerobically for 24 h at 37 C. Colonies were then counted and assigned to bacterial groups according to their colony appearance and growth on the selective media. In addition, in expt 1, 80 isolates were collected from the WCA plates, examined microscopically in ®xed, Gramstained slides and identi®ed to species level using the RapID ANA II System (Innovative Diagnostic Systems, L.P., Norcross, Australia).
Data analysis
Data were analysed by one-way ANOVA using Statview 4Á02 (SAS Software, Cary, NC, USA). Means of log 10 cfu counts were compared between dietary treatments using Fisher's Protected Least Signi®cant method. Statistical signi®cance was accepted at P < 0Á05.
Experimental infection
Brachyspira hyodysenteriae strain WA15 (serogroup A) was used to infect pigs. The bacterium was propagated in autoclaved Trypticase Soy Broth supplemented with 0Á5% glucose, 0Á2% sodium bicarbonate, 0Á05% cysteine hydrochloride, 2% foetal bovine serum, 1% ethanolic cholesterol solution, 0Á1% resazurin and 1% yeast extract in distilled water. The pH was adjusted to 6Á85 (Kunkle et al. 1986 ). Pigs were transported to an isolation house at Murdoch University 2 d before infection and allocated in pens divided from each other by removable open-mesh wire walls that permitted close contact between animals. The rooms and pens were sterilized by steam cleaning prior to introduction of the pigs and no other pigs were kept within the premizes during the experiment. Animals were allowed to acclimatize for 1 d and then fasted for 24 h prior to experimental infection. They were infected via a stomach tube by administering approximately 100 ml of a broth culture containing 10 8 viable cells ml -1 . This was repeated on two consecutive days.
The pigs were observed daily for clinical signs of SD, in particular depression, lack of appetite and diarrhoea with ecks of blood and mucus. Rectal swabs were taken from each pig 24 h prior to the ®rst exposure and then every 2±3 d for the duration of the experiment. These swabs were cultured for B. hyodysenteriae on TSA plates containing 5% w/v de®brinated ovine blood, spectinomycin 400 mg ml -1 , colistin 25 mg ml -1 and vancomycin 25 mg ml -1 (Jenkinson and Wingar 1981) . Plates were incubated in anaerobic jars in an atmosphere of 94% N 2 and 6% CO 2 for 2±7 d at 37 C. The presence of B. hyodysenteriae was demonstrated by a thin ®lm of anaerobic growth with associated strong b-haemolysis and the presence of spirochaetes under phase-contrast microscopy examination of smears taken at the periphery of the haemolytic zones. Pigs were killed within 24 h of the onset of clinical signs, otherwise 4 weeks after being infected. Gross examinations of the caecum and colon were made for evidence of mucohaemorrhagic colitis and lesions consistent with SD (Alexander and Taylor 1969). Swabs from the caecal and colonic mucosa were collected from each pig at post-mortem and cultured as described previously. Caecal and colonic sections showing in¯ammatory changes were collected at post-mortem for histological examination. The tissue was immediately placed in 10% phosphate-buffered formalin. After ®xation for 24 h the material was dehydrated, embedded in paraf®n, sectioned at 6Á0 mm and stained with haematoxylin and eosin. Slides were examined by light microscopy for characteristic changes and the presence of B. hyodysenteriae.
R E S U L T S
Resistant starch and soluble non-starch polysaccharide content of the diets
The estimated RS content of the RW diet was 13Á4% and that of the ExtW diet 0Á6%. The RS content of the RSor diet was 13Á5% and 6Á1% for the ESor diet. The wheat diets had an sNSP value of 1% whilst the sorgum diets had an sNSP content of 0Á2%. Extrusion did not reduce these sNSP values in either diet type.
Non-infected animals
In expt 1, the highest numbers of anaerobes in the proximal colon were found in pigs fed the RW diet (11Á6 log 10 cfu g À1 ) and the lowest numbers in pigs fed the ExtW/Enz diet (11Á5 log 10 cfu g À1 ). This difference was not statistically signi®cant (Table 2 ). In expt 2, total anaerobe counts were higher in the proximal colon (11Á7±12Á0 log 10 cfu g À1 ) than in the distal colon (11Á2±11Á7 log 10 cfu g À1 ). Addition of enzymes tended to result in lower bacterial numbers only in the distal colon, but these differences were not signi®cant. In expt 3, total numbers of anaerobic bacteria were lower in the large intestine of non-infected pigs fed sorghum than those fed the wheat-based diets in the previous experiments, with counts varying between 10 9 and 10 10 cfu g À1 (Table 2) . Again, numbers tended to be slightly lower in the distal colon (9Á7±10Á3 log 10 cfu g À1 ) than in the proximal colon (10Á1±10Á4 log 10 cfu g À1 ). Pigs fed the raw sorghum diet in general had lower bacterial numbers (9Á7±10Á1 log 10 cfu g À1 ) than pigs fed any of the treated sorghum diets (10Á1±10Á4 log 10 cfu g À1 ). This difference only reached signi®cance (P < 0Á05) in the proximal colon between pigs fed the RSor and those fed the ESor/Enz diet.
In expt 1, with the exception of the spore-forming anaerobes, all bacterial groups were present in the samples (Table 2) . A small variation in numbers of facultative anaerobes, Gram-negative species and coliforms was observed between the treatments, but this was not statistically significant. However, signi®cantly fewer (P < 0Á01) lactobacilli were recovered from pigs fed the extruded wheat diets. In expt 2, addition of both enzymes was associated with a signi®cantly reduced number of facultative anaerobes, but with an increased number of non-sporing bacteria. Sporeforming bacteria were detected and coliform numbers were much higher than in expt 1. All treatments in expt 3 had a tendency to increase total anaerobes, while addition of enzyme in the absence of dietary extrusion resulted in increased numbers of facultative anaerobes. Spore-forming anaerobes were detected in all treatment groups except in ESor/Enz and coliforms were present at a similar level as in expt 2. In general, the numbers of bacteria within all examined bacterial groups were higher in pigs fed wheatbased diets than in those fed sorghum-based diets.
In expt 1 Bact. gracilis was the dominant species recovered from pigs fed wheat diets, with smaller numbers recovered from pigs receiving treated diets than from those fed the RW diet (Table 3) . Eubacterium aerofaciens was predominant in pigs fed the ExtW diet, but it was also common in pigs fed the RW and RW/Enz diet. Fusobacterium necrophorum was detected in all treatment groups except RW/Enz and, in particular, it was present in pigs receiving the RW diet.
Infected animals
In expt 1, B. hyodysenteriae was isolated from rectal swabs taken from four pigs on the RW diet, ®ve pigs each on the RW/Enz and ExtW diets and six pigs on the ExtW/Enz diet (Table 4) . Four pigs each on the RW and ExtW/Enz diet, but only three on the RW/Enz diet and two on the ExtW diet, developed clinical signs of SD and had characteristic pathological ®ndings at post-mortem. These lesions were similar in all affected pigs and consisted of super®cial erosions and the presence of mucus and ®brin in the lumen. Brachyspira hyodysenteriae was subsequently isolated from all pigs that were initially colonized, but also from one pig in the RW/Enz group that was not positive by rectal swab.
In expt 2, based on results of faecal swabbing, pigs in all treatment groups (six in ExtW, three in ExtW/Enz1 and ®ve in the ExtW/Enz2 group) were colonized by B. hyodysenteriae, but only ®ve in the ExtW group and three each in the ExtW/Enz1 and ExtW/Enz2 groups developed clin- Table 2 Mean number of bacteria in digesta samples from the proximal colon in non-infected pigs fed different diets ND, Not detected; RW, raw wheat; ExtW, extruded wheat; ExtW/Enz , extruded wheat/enzyme (Porzyme 8300); ExtW/Enz1, extruded wheat/ enzyme 1 (tailor-made); ExtW/Enz2, extruded wheat/enzyme 2 (Porzyme TP 100); Rsor, raw sorghum; RSor/Enz, raw sorghum/enzyme (tailor-made); Esor, extruded sorghum; ESor/Enz, extruded sorghum/enzyme (tailor-made); sign., signi®cance. Within rows, values not having the same superscript differ at P < 0Á05; NS, not signi®cant; *P < 0Á05; **P < 0Á01. (17) 12 (43) nd Fusobacterium necrogenes 1(6) 2(9) nd nd F. necrophorum 5(28) nd 2(7) 1(9) Porphyria gingivalis nd nd 1(4) 2(18) Propionibacterium buccae nd nd 2(7) 1(9) P. corporis nd nd nd 1(9) Staphylococcus saccharolyticus nd 1(4) 1(4) nd Wolinella spp. nd 2(9) 3 (11) 3 (27) ical signs (Table 4 ). All these pigs had characteristic pathological changes at post-mortem. Brachyspira hyodysenteriae was recovered from different sampling sites from all pigs that initially appeared colonized on examination of rectal swabs, but also from an additional two pigs in the ExtW/ Enz1 group and one in the ExtW/Enz2 group from which B. hyodysenteriae was not detected by rectal swab. In expt 3, pigs in all treatment groups (three in the RSor/Enz group and four in the other three groups) were colonized by the spirochaete (Table 4) . However, only one pig each in the RSor and RSor/Enz, three in the ESor and four in the ESor/Enz group developed clinical signs and had pathological changes consistent with SD at post-mortem. Brachyspira hyodysenteriae was isolated from all of these pigs, but also from ®ve other pigs (two each in the RSor and RSor/Enz group, and one in the ESor group) that were initially colonized but did not develop SD.
D I S C U S S I O N
Pigs in this study were fed different cereal grains, with different RS and sNSP contents, and diets subjected to different physical treatments. Extrusion and alpha-amylase were used as means of reducing the amount of dietary RS reaching the large intestine, whilst xylanase and beta-glucanase were intended to break down sNSP and reduce its viscous effects. It was hypothesized that these treatments would reduce numbers of bacteria and cause changes in the composition of the colonic microbiota. In turn, reduced hindgut fermentation should protect pigs from developing SD after experimental infection. Extrusion did greatly reduce the RS value of the wheat and, to a lesser extent, that of the sorghum diet. The sorghum itself had an inherently lower sNSP content than the wheat and, as expected, extrusion did not in¯uence sNSP levels. It was not possible to measure the effects of the enzymes, since they largely act in the intestinal tract.
Pigs fed the wheat-based diets had signi®cantly more bacteria in their large intestine than pigs fed the sorghumbased diets and this may have been related to the higher levels of sNSP in wheat than in sorghum. The overall density of bacteria in the large intestine is usually greater in animals with a high dietary intake of RS and/or sNSP (Wagner and Thomas 1978; Wyatt et al. 1988; Durmic et al. 1998) . For example, when pigs were fed a diet based on cooked rice, which contains insigni®cant levels of these two ingredients, numbers of bacteria were markedly reduced (Durmic et al. 1998) .
Overall, the dietary treatments used had only a limited in¯uence on bacterial numbers in the large intestine. Both extrusion of wheat and sorghum and enzyme addition to these diets did not signi®cantly reduce the total number of anaerobes and, in pigs fed sorghum-based diets, the numbers of bacteria actually increased with dietary treatments. With respect to the distribution of speci®c bacterial groups and species, however, changes were observed between pigs fed the untreated and treated diets. The major bacterial groups responsible for the primary breakdown of RS and sNSP have been identi®ed as Bacteroides spp. (Macy and Probst 1979; Salyers 1979; Varel 1987) . Other saccharolytic bacteria that grow on fragments produced by primary polysaccharide degraders in the animal gut belong to the genera Bi®dobacterium, Peptostreptococcus, Ruminococcus, Eubacterium, Lactobacillus and Fusobacterium (Salyers et al. 1977; Woods and Gorbach 1993) and are stimulated by a high dietary intake of starch and sNSP (Bruns et al. 1977; Dawson et al. 1984; Kleessen et al. 1997; Durmic et al. 1998 ). In the current study, both bacteroides and lactobacilli occurred in high numbers in pigs fed the untreated wheat diet (RW), but occurred in lower numbers when levels of RS were decreased (ExtW). Populations of bacter- For diets see legend to Table 1. oides and eubacterium species also decreased where the viscous properties of sNSP were expected to be reduced as a result of enzyme treatment (ExtW/Enz diet). Previous work showed that speci®c bacterial species known to act in synergy with B. hyodysenteriae were present in pigs fed high levels of RS and sNSP, while they were not detected in pigs fed low levels of fermentable ®bre (Durmic et al. 1998 ). In the current study, F. necrophorum, one of these synergistic species, was detected in all pigs fed wheat-based diets but was less common in treated diets. Overall, the variety of different species identi®ed in the current study was less than previously found (Durmic et al. 1998) , but this may only re¯ect the fact that fewer individual isolates were characterized compared with the previous study. The pigs consuming the untreated wheat diet had a high incidence of SD (67%), which is consistent with previous ®ndings (Pluske et al. 1996; Siba et al. 1996; Durmic et al. 1998) . However, the expression of SD was not reduced in pigs receiving treated diets. A small reduction in SD was observed when pigs received the RW/Enz (50% incidence) or ExtW (33% incidence) diet, possibly associated with suppression of polysaccharide-degrading bacteria and reduction in numbers of synergistic species. Despite a further reduction in total bacterial numbers and percentage of isolates of synergistic bacteria in the combined treatment (ExtW/Enz), the incidence of SD was not signi®cantly reduced. Possibly sNSP degradation by the enzymes led to reduced digesta viscosity and more rapid small intestinal transit time, so that signi®cant levels of substrate were entering the large intestine.
Most pigs fed sorghum-based diets were colonized by B. hyodysenteriae after experimental infection, but pigs fed the raw sorghum diets had very low clinical expression of SD. This was unexpected because raw sorghum, although inherently low in sNSP, still had high levels of RS. A possible explanation is that pre-treatment of the sorghum included very ®ne grinding which may have reduced levels of RS reaching the large intestine by exposing it for digestion and absorption in the small intestine. If this were the case it would be predicted that there would be reduced numbers of lactobacilli (RS degraders in the large intestine) compared with their numbers in pigs fed wheat-based diets, and this was observed. The incidence of SD in these pigs was lower than in the pigs fed the raw wheat diets. However, pigs fed the treated diets also had reduced lactobacilli, but still had a higher incidence of SD, indicating that other factors were predisposing these pigs to the disease.
The reasons for a lack of reduction in SD caused by extrusion could be sought in some adverse effect of this treatment. As suggested by Osman et al. (1970) , suboptimal conditions during extrusion might strengthen bonds within the starch granules making them less susceptible to enzyme attack. This portion of starch might then become available for fermentation in the large intestine. There are many possible reasons why addition of alpha-amylase did not cause a signi®cant reduction in fermentation in the proximal part of the large intestine. The catalytic role of enzymes may be affected by factors such as pH, moisture content, presence of coenzymes and inhibitors, as well as concentrations of enzyme and physical form of the substrate. Under the conditions in the intestine in this study, the speci®c enzymes used may not have caused complete hydrolysis, thereby allowing some substrate to enter the large intestine. Interestingly, total anaerobes did decrease signi®cantly in the distal colon following enzyme treatment, suggesting that the enzymes did reduce the amount of substrate reaching this site.
The current study provides evidence that speci®c dietary ingredients and treatments designed to limit the availability of sNSP and RS can have some in¯uence on the large intestinal microbiota species, but are not suf®cient to reduce susceptibility to SD. The mechanism of protection previously achieved through the use of rice-based diets is not simple, since it probably involves not only altering bacterial numbers, but also stimulating or suppressing certain members of the microbiota that are involved with B. hyodysenteriae in causing SD.
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